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遗传多样性，更好的保护和开发利用白骨壤资源，本文采用 ISSR 和 cpSSR 两种
分子标记手段，对 14 个中国东南沿海白骨壤（Avicennia marina）种群、2 个
美国萌芽白骨壤（Avicennia germinans）种群以及 2 个澳大利亚澳洲白骨壤
（Avicennia marina var.australasica）种群进行种群遗传多样性的研究，主
要研究工作如下： 
（1）建立和优化白骨壤 ISSR 和 cpSSR 的 PCR 扩增体系，探讨各白骨壤和萌
芽白骨壤种群的遗传多样性。对两种白骨壤 317 份材料进行 ISSR-PCR 扩增，15
个引物共扩出 112 条带，其中 109 条带具有多态性，多态百分比率达 97.3%。对
两种白骨壤 60 份材料进行 cpSSR-PCR 扩增，5个引物共扩出 11 条带，其中 7条
具有多态性，多态百分比为 63.4%。利用 POPGENE软件和 GenAlEx 6.4软件对 ISSR
扩增结果进行统计分析得到：多态位点百分比（P）为 97.3%，Nei’s 遗传多样性
指数（H）为 0.3147，Shannon’s 信息指数（I）为 0.4780，观察等位基因数（Na）
和有效基因数（Ne）分别为 1.9730 和 1.5306。中国白骨壤物种水平的遗传多样
性分析（Ht）为 0.3090，种群内遗传多样性（Hs）为 0.24，白骨壤的种群间遗
传分化系数（Gst）值为 0.2233，基因流（Nm）为 1.7391。AMOVA 分析表明种群









（2）应用 ISSR 和 cpSSR 标记获得的遗传数据对各白骨壤属种群进行聚类分























洲种群距离较大，结果与 ISSR 标记下的聚类结果吻合。 
（3）针对 ISSR 和 cpSSR 分别标识的个体间遗传距离矩阵的 Mantel 检验（相
关性系数为 0.237，显著性水平为 0.01）表明两种分子标记结果呈显著正相关的




境因素与白骨壤属种群的相关性。利用 SPSS 软件将 14 个国内种群和 4个国外种
群的遗传多样性指标，包括观察等位基因数（Na），有效等位基因数（Ne），Nei’































Mangrove are woody plant communities in the intertidal or subtropical zone of 
tropical of coasx.Avicennia is an important vegetiation type of mangrove because its 
high resistance.It is essential to assess the diversity accurately for better protection 
and development of Avicennia.This study uses ISSR and cpSSR Molecule markers 
methods to study genetic diversity in fourteen Avicennia marina species at Southeast 
coast of China, two Avicennia germinans species of America and two Avicennia 
marina var. australasica species of Australia.The mainly results of study are as 
following: 
(1) The study establishes the ISSR and cpSSR polymerase chain reaction 
amplification reaction system of Avicennia to study the genetic diversity.The 15 ISSR 
primers and 5 cpSSR primers generated 112 and 11 markers respectively, in which 
97.3% and 63.4% were polymorphic.Based on ISSR primers,Diversity analysis was 
carrying out by using software PopGene and GenAlex 6.4,the results show that Nei’s 
gene diversity (h) ,Shannon diversity index (I) ,Number of alleles observed (Na) and 
Number of effective gene(Ne) were 0.3147,0.478,1.973,1.5306. Chinese Avicennia 
marina species level heredity multiple (Ht) was 0.309,occupied in the group to inherit 
multiple(Hs) was 0.24,(Gst) value was 0.2233 and the Gene flow(Nm) was 1.7391. 
AMOVA showed that 78.21% of the genetic diversity existed within populations.The 
same result was obtained by ISSR and by cpSSR: Genetic diversity of Avicennia 
marina species of China mainly existed within populations and maintained a low rate 
of genetic variation. 
Added two Avicennia germinans species of America and two Avicennia marina 
var. australasica species of Australia,(Hs) was declined(Hs=0.2212) and Gene 
flow(1.1696) decreased significantly, indicating that geogaraphic isolation reduces the 
gene flow between populations. Two molecular markers also showed that Avicennia 
marina of China had higher genetic diversity than Avicennia germinans species of 















high diversity of mangrove status of China,we suggested that the southeast and 
southern coast of China was “Glacial Refuge”of Avicennia marina. 
(2) ISSR and cpSSR molecule markers were used to study the genetic 
relationship between the 18 Avicennia species. Based on the genetic distance of 18 
Avicennia species calculated by Nei’s index, Cluster analysis was carrying out by 
using the UPGMA method, the results showed that two Avicennia marina var. 
australasica species of Australia had the smallest genetic distance and the farthest 
genetic distance existed between Quanzhou and Port Isebel of America.UPMGA 
cluster analysis indicated that the species of Guangdong and Guangxi province 
grouped together, populations of Hainan province(except Shanya) grouped together, 
populations of Fujian province(except Zhangzhou) grouped together,Zhangzhou 
grouped with Avicennia marina var. australasica species of Australia,other two 
Avicennia germinans species of America grouped together.PCA analysis also showed 
that locations overlap significantly between populations because of frequent gene 
exchang. UPMGA cluster analysis by cpSSR also indicated that Avicennia marina 
species of China(except Zhangpu) are far from the Avicennia germinans species of 
America and Avicennia marina var. australasica species of Australia. 
(3) The Mantel test of individual genetic distance matrix identified by ISSR and 
cpSSR showed that the two molecular markers were significantly positively 
correlated(r=0.237,p=0.01).The results showed that two molecular markers had a 
strong ability of independent instructions for analysis of genetic structure of Avicennia. 
Although different molecular markers investigated the genetic structure of 
populations from different ways, the interpretation of ecological and evolutionary 
problems was similar. 
(4) The correlation with diversity of Avicennia populations and other 
environmental factors was discussed in this paper. Genetic diversity indices (including 
Na, Ne, H, I) of 14 domestic and 4 foreign populations and other environmental 
factors such as longitude, latitude, salinity were used for correlation analysis by SPSS 
software. The results showed that the influence of latitude and longitude with the 

















geographic regions. The influence of latitude and longitude are not obvious to 
Avicennia marina in China, which further illustrated the strength of gene flow of 
Avicennia marina. The genetic diversity of Avicennia marina populations was 
positively correlated with salinity in the lower range, while higher salinity would 
reduce diversity. Aspect ratio of mature leaves of Avicennia populations as a form of 
reference for the phenotype, Avicennia populations would exist some changes to meet 
some of the factors with large amplitude in the genotype and phenotype. 
Finally, at the point of perspective of species, level of genetic variation of Avicennia 
marina was low and most of the genetic variation existed within populations.Minority 
population reduction would not seriously reduce the genetic diversity of the species.It 
should be noted to prevent the long-term changes in habitat caused by human damage 
which would lead to population decline. 
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